Bovine lactoferrin promotes energy expenditure via the cAMP-PKA signaling pathway in human reprogrammed brown adipocytes.
Lactoferrin (LF) is a multifunctional protein in mammalian milk. We previously reported that enteric-coated bovine LF reduced the visceral fat in a double-blind clinical study. We further demonstrated that bovine LF (bLF) inhibited adipogenesis and promoted lipolysis in white adipocytes, but the effect of bLF on brown adipocytes has not been clarified. In this study, we investigated the effects of bLF on energy expenditure and cyclic adenosine monophosphate (cAMP)-protein kinase A (PKA) signaling pathway using human reprogrammed brown adipocytes generated by gene transduction. bLF at concentrations of ≥ 100 μg/mL significantly increased uncoupling protein 1 (UCP1) mRNA levels, with the maximum value observed 4 h after bLF addition. At the same time point, bLF stimulation also significantly increased oxygen consumption. Signaling pathway analysis revealed rapid increases of intracellular cAMP and cAMP response element-binding protein (CREB) phosphorylation levels beginning 5 min after bLF addition. The mRNA levels of peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC1α) were also significantly increased after 1 h of bLF stimulation. H-89, a specific PKA inhibitor, abrogated bLF-induced UCP1 gene expression. Moreover, receptor-associated protein (Rap), an antagonist of low-density lipoprotein receptor-related protein 1 (LRP1), significantly reduced bLF-induced UCP1 gene expression in a dose-dependent manner. These results suggest that bLF promotes UCP1 gene expression in brown adipocytes through the cAMP-PKA signaling pathway via the LRP1 receptor, leading to increased energy expenditure.